The organ emulsion fluid, when passed through a Seitz filter, and injected into 57 chickens, -caused " leukBmia " in six. From these, further passages were made and it was then noticed that the virulence-of the filtrate was high, because out of 126 chickens inoculated, no less than 92 developed leukamic symptoms, whilst the remainder died of intercurrent ailments. Hens and cockerels were equally susceptible to inoculation; the inoculation succeeded with regularity in Legborns, Orpingtons, Rhode Island Reds and native Hungarian chickens. Moreover a 0'005 dilution of a 10% organ emulsion reproduced the disease; dried and powdered tissues lost their virulence within twenty-four hours. Examination of the blood revealed that so soon as eight days after inoculation, an alteration occurred, for the "lymphocytes" divided rapidly, and in a short time 200,000-500,000 lymphocytes per c.c. could be counted; hemoglobin then sank from the normal of from 50 to 60 degrees to from 30 to 20 degrees, or even less. Temperature was normal; no particular symptoms were noticeable, except that in the chronic form the comb and wattles were pale; some birds seemed to limp. Death occurred between eleven and sixty days after inoculation.
The following anatomical types were distinguished: Acute disease.-Serous membranous cavities filled with exudate; liver and spleen enlarged; small petechia on the surface of the intestinal peritoneum; bone-marrow no apparent alteration.
Subacute type.-Uniform enlargement of the liver and spleen, together with a smooth even surface; maximum weight of liver, 133 grm.; spleen, 24 grm.; kidneys swollen, but not deformed; blood watery, light red; marrow colour varied between grey and a brownish-grey tinge. At times the glandular stomach, the intestinal mucosa, or the Bursa fabricii, was infiltrated.
Anasmic form.-Carcass very emaciated and pale; internal organs pale yellow, mucous membranes dead white; liver below normal size, spleen always enlarged, though not above 6 grm. Bone-marrow pale red; blood-vessels either empty or containing light-coloured watery blood.
In a later publication, Jarmai (1932) stated that he had noticed anemia occurring as a primary symptom in fowls inoculated with the "virus " of the transmissible fowl-leukTemia he was studying. Cells which he considered immature erythroblasts appeared in the circulating blood in large numbers (as many as 200,000 per c.c.), and since erythroblasts and lymphoblasts represent the same type of cell, the disease should be known as " erythroleucosis." He then obtained 17 hens with leukeemic symptoms and from these he was able to obtain two further transmissible strains of " virus" which, however, appear to have developed a lymphoidal character, because in each instance the presence of large numbers of " lymphoide Zellen" (300,000 to 400,000) is mentioned. He noticed in the course of numerous transmission experiments that erytbroleucosis never became a typical spleno-medullary type of leukemia (leucocythaemia).
(2) AUTHOR'S OBSERVATIONS ON SPLENOMEGALY IN FOWLS OCCURRING IN GREAT BRITAIN In the course of routine examinations of dead fowls, the presence of swollen livers and much-enlarged spleens was noticed at intervals and in some, histological examination of the tissues revealed a distinct condition affecting the whole reticuloendothelial system, particularly in the liver, spleen, bone-marrow, kidneys, and-at times-also the lungs. This diffuse hypertrophy might be accompanied by the presence of compact tumour-like small deposits in any part of the body, but more frequently in the bowels, particularly cca and duodenum, or in the ovary. Birds with these alterations were received from Northumberland, Cambridgeshire, Devon, and lately Dorset; breeds involved were White and Black Leghorns, White Wyandottes and in a single instance, Rhode Island Red. Deaths with this peculiar condition did not seem to occur in more than from 3 to 5% of any stock and apparently the disease appeared and then disappeared in the course of a couple of seasons. In the field it occurred as a constant and definite type of" leucosis " and no transitional forms were observed which might link it up with true anafmic conditions like erythromyelosis, or definite leukamicdiseases, like lymphocythbmia or leucocythEemia, which were observed on other farms. Histological investigations were required for the purpose of accurate diagnosis and since mortality was low, the condition was easily overlooked.
(a) ANATOMICAL LESIONS.-The ailment was distinguished by a massive but uniform parenchymatous enlargement of the liver, which appeared dark, swollen, and glistening, and might weigh 45 to 60 grm. instead of 30 to 40; the spleen was concentrically enlarged, with a dark smooth surface and might weigh 6 to 13 grm., instead of the normal 1 to 2 grm. The involvement of the kidneys, bone-marrow, and lungs was not constant and consisted of an infiltration of connective tissue septa by columns of round cells, with a clear round nucleus and scanty cytoplasm.
The lesions in the bones and bone-marrow are particularly important, because owing to superficial resemblances this disease has been confused with erythromyelosis from which it differs. The bones in chronic cases may appear harder and somewhat more compact than usual, and on cutting the femur in half it will be noticed that the marrow is supported by a fine network of bony spicules; the marrow is of a pale red colour, relatively firm and easily removed. Thus, even macroscopically, bones and marrow differ from the compact, hard, white ossification seen in erythromyelosis, which is accompanied by a scanty marrow. Consequently the alterations observed and described in the marrow, liver, and spleen of erythromyelosis differ in disposition, type of cell and reaction to liver extract treatment (Bayon, 1936) from those observed in this disease, which seemed to correspond, in some of its features, to the "erytbroleucosis" described by several authors.
(b) RESULT OF INOCULATIONS.-From these cases observed in England, inoculations were made and at first only negative or unclear results were obtained, for in the beginning it was not recognized that (1) 'The first inoculations may result in a relatively slight enlargement of the spleen and liver, with a prolonged incubation period of six weeks or more, during which no definite 'blood alteration is noticeable. It is only exceptionally that particularly susceptible young birds are obtained in which marked lesions develop rapidly.
(2) In the chronic form, usually met in the field, when death occurs the virus is either weakened or perhaps has disappeared.
(3) Organs and tissues must be absolutely fresh and reasonably uncontaminated 'by bacteria. This ruled out all dead birds sent by post in the summer months.
When these essentials were ascertained, transmission by inoculation was obtained, reproducing in the liver and spleen the reticulo-endothelial lesions seen in the original fowl obtained from Dorset.
(c) TYPE OF LEUCOSIS OBTAINED.-The outcome of these combined field and laboratory investigations went to show that this disease was not a leukamia, in the commonly accepted meaning of the term, which means" white blood ", or in a wider sense, a disease primarily affecting leucocytes and lymphocytes. Here the reticuloendothelium of the liver and spleen were primarily affected and the immature monocytes and monoblasts entered the blood as late or secondary symptoms of disease. Concurrently, these investigations demonstrated that erythrocytes and lymphocytes differ in origin in the fowl and helped to support the view that the monocytes seen in the blood originate in the reticulo-endothelial system of the liver, spleen, and bone-marrow. If this is the case, the disease could be correctly termed a leucosis, as something similar to leukeemia, but not strictly within the group; hence the suggested name of "reticulo-endothelial leucosis ". In describing any neoplasm or neoplastic condition of fowls it is natural to try to find some correlation with a known tumour in man and other animals. This is not always possible; in this particular instance, it must be borne in mind that birds do not possess a real lymphatic glandular system, but that aggregates of lymphatic cells are found scattered in the liver and other organs. This being so, it is not easy to correlate reticulo-endothelial leucosis with conditions whose main feature consists in the morbid proliferation of the reticular tissues of the lymphatic glands. Nevertheless, when one considers existing anatomical differences, there would seem reason to suggest that this reticulo-endothelial leucosis might be compared with lymphadenoma in man, for which Parkes Weber (1936) proposed the name "Hodgkin's reticulomatosis ".
(3) EXPERIMENTS AND TESTS WITH A BUDAPEST VIRUS Decisive opinion as to the identity of the disease observed in Great Britain with "erythroleucosis " as described by other authors, could not be obtained otherwise than by comparison with a foreign strain of "virus" which had been accurately observed. Accordingly, in April 1935 and then in May 1936, "erythroleucosis" tissues preserved in 50% glycerine solution were obtained by air mail from Professor Jarmai, of Budapest, and numerous inoculations in series made, with these .results:
(1) The virus was filtrable through "gradocol " membranes of 0 5 and also 0.3 micromillimetre diameter pore; finer grades have not yet been tried.
(2) Intravenous injections of these membrane filtrates proved even more lethal than the intraperitoneal inoculation of minced tissues since they killed birds in from five to seven days.
(3) Intravenous injection of membrane filtrates reproduced with regularity a definite type of anatomical lesion, viz., a reticulo-endothelial leucotic condition, identical with that previously observed in Great Britain.
(4) The anatomical basis of the disease consisted in a diffuse proliferation of the reticulo-endothelium of the liver, spleen, and sometimes bone-marrow, and corresponded therefore to the lesions seen in fowls in England.
(5) Inoculation with minced tissues (liver, spleen) intraperitoneally or intramuscularly, reproduced the leucotic disease, but concurrently might induce the development of localized, soft, pink tumours; these consisted of aggregates of monoblasts in neoplastic formation or cells that apparently originate in the reticuloendothelial system.
(6) In two series of inoculations, with minced tissues, one of 75 and the other of 42 chickens, compact white, fibrous tumours were obtained in the pectoral muscles or the peritoneum of four birds. On microscopical examination these proved to be fibrosarcomata.
(7) This fibrous tumour, when minced and inoculated either into the muscles or the peritoneum, reproduced the reticulo-endothelial leucosis, with or without development of a localized fibrosarcoma. It should be noted that the leucotic disease was more lethal than the fibrous tumour, so that often the chicken died before the tumour had time to develop. If the bird lived long enough (a fortnight. or more) then the fibrosarcoma appeared together with the leucotic disease.
(4) "ERYTHROLEUCOSIS" AND TUMOUR FORMATION This peculiar combination of a fibrosarcoma with a totally different condition has already been observed by Ellerman (1908) , and later by Rothe-iMeyer and Engelbreth-Holm (1933), Oberling and Gu6rin (1933) , Troisier (1934) , Foulds (1934), Troisier and Sifferlen (1935) , Stubbs and Furth (1935) , and Jarmai (1935) . These authors, if they expressed any opinion on the subject, concluded that the fibrosarcoma and the leucotic disease were inseparable. Oberling and Gu6rin (1933) gave particular attention to the possible explanations of this alteration in type, and after many experiments decided that a change of the cytotropism of the virus had taken place, so that fibrous cells were being altered instead of erythroblasts. Separate mention may be given to the experiments of McIntosh (1933), who produced a filtrable fibrosarcoma in fowls by means of tar and lard injections, and observed one (Strain II) which for a short period, in the course of passage, was accompanied by "leukoemia"; this investigator, however, separated the sarcoma from the leukiemia by means of frequent passages at short intervals.
In relation to this remarkable combination of tumour and leukaemia, one may refer to the artificially produced, spindle-celled mouse tumour studied by Dorothy Parsons (1935) , the inoculation of which was followed by the appearance of a leuktemic condition. Jarmai (1936) also investigated this phenomenon in fowls, and his experiments consisted in the inoculation of the pectoral muscles of chickens with pieces of liver or spleen from fowls that had been suffering from "erythroleucosis ". Most of the birds died from the effects of the leucosis, but one chicken developed at the site of inoculation, within eight days, a small lump, which at the time of death, on the fifteenth day, had attained the size of a hazel nut. On section the tumour tissue was white, compact, sharply defined from its surroundings, and accompanied by two secondary nodules in the muscles; microscopically it proved to be a fibrosarcoma. Small minced pieces of this sarcoma were inoculated intramuscularly into other fowls, and these died after from twenty to twenty-two days, as the result of " erythroleucosis ", but also revealed in the pectoral muscles similar tumours to those in the original donor. A third passage was obtained, but further transmission was not attempted because it did not seem possible to separate the leucosis from the fibrosarcoma. Jarmai, in common with several other observers, did not doubt that the same virus was causing both the sarcoma and the hbmopathy, his interpretation being that the virus picture changed with the nature of the tissues invaded.
In an attempt to throw light on this interesting problem, an investigation of the experimentally produced fibrosarcomas and leucotic disease mentioned above was undertaken.
For the purpose of investigation 642 chickens were inoculated in different ways and the conclusion reached was that the intraperitoneal or intramuscular inoculation of liver or spleen tissues from young chickens with " erythroleucosis ", can induce the development of two types of neoplastic formation, viz:-(I) A soft, pink growth consisting of closely knitted aggregates of cells recognizable as monoblasts of reticulo-endothelial origin. On reinoculation such tissues induce a diffuse proliferation of a similar type of cell in the liver and spleen, and an infiltration of other organs similar to that previously described, and with or without the induction of the close-knitted monoblastoma.I 1 Lately (November 1936) in one hen out of 16 inoculated intrapectorally in July 1936, with minced ovarian lymphoma from Necropsy 5377 I have obtained a hard, compact, pigeon-egg-sized slowgrowing bony tumour, which is being observed. This is mentioned as an example of the change of type which can occur in the course of inoculations.
(II) A neoplasm whose tissue and cellular type differ from those of the tissues inoculated-being a fibrosarcoma. Yet, unless artificially separated by some means, this neoplasm is constantly accompanied by the appearance of reticulo-endothelial leucosis.
(5) THE ISOLATION OF THE FIBROSARCOMA FROM THE LEUCOSIS To prove that this fibrosarcoma was not due to the localized mutation of the virus, I tested several experimental methods, beginning with the intramuscular inoculation at frequent short intervals, successfully applied by McIntosh (1933) . This was not effective, because though it yielded a larger number of sarcomas than any other method, yet, if performed with fresh or freshly preserved tissues, was always accompanied by the reticulo-endothelial leucosis, which developed much more rapidly than the fibrous neoplasm.
Next, filtration through gradocol" membranes was tried, and this method, though it may succeed in separating the agents of the two morbid conditions (if they are appreciably different in size), only resulted in obtaining, through 0*5 micromillimetre membranes, a filtrate which in the positive instances tested (nine) resulted in producing leucosis and not fibrosarcoma, however inoculated.
Another method of separating the sarcoma from the leucosis would be to take advantage of existing racial and individual resistances in different chickens, but since there is no effective method of measuring beforehand the varying degrees of susceptibility of different chickens, the test, notwithstanding numerous attempts, produced many failures.
A fourth method usually proved effective; this consisted in submitting finely minced tissues to the action of pure glycerine over a period of from twenty-four to forty-eight hours, at room temperature; it then seemed as if the reticulo-endothelial cells and the virus they contained were more easily damaged than the fibrosarcoma cells. The method did not invariably prove successful in separating leucosis from sarcoma. Nevertheless, by this method, and by repeated inoculations of batches of nine or more chickens at a time, the separation of the sarcoma from the leucosis was definitely effected.
To make quite sure that no trace of " leucosis virus " was present in the tumour sarcoma, pieces of the tumour and of liver of the fowl inoculated, were minced, ground up, passed through filter-paper and injected intravenously into young chickens. It was known that if this method was employed with material containing leucosis virus, the disease would develop in three or four out of every five birds so injected. Concurrently minced tumour tissues were intramuscularly injected in the pectoral region. Local sarcomas were produced in three, but leucosis in none (16 experiments).
(6) WHY THE FIBROSARCOMA IS CONSIDERED A DISTINCT NEOPLASM Since by means of filtration through " gradocol" membranes, it had been found possible to reproduce the leucotic condition without anv fibrosarcoma and by treating minced tissues by means of pure glycerine, fibrosarcomas were obtained without any admixture with reticulo-endothelial leucosis, it was concluded that the two conditions were distinct and due to different agents.
It should presumably be possible to wash the fibrosarcoma cells free of practically every trace of leucosis virus. Such experiments were, however, beyond the scope of these investigations, whose purpose was: (a) To ascertain the nature of the leucotic disease seen in fowls in England; (b) to prove its identity with that described as " erythroleucosis " by other authors; (c) to ascertain that this disease did not originate from er5throblastic elements, but was due to the proliferation of reticuloendothelial cells, wbich preserved their histological identity, however inoculated; (d) to investigate the possibility of separating the fibrosarcoma which seemed so firmly bound to the leucotic condition.
(7) SUMMARY AND CONCLUSIONS (1) In fowls from different parts of England a deadly disease has been observed which is characterized by the appearance of a dark swollen liver and a much-enlarged spleen; the blood was found to contain an increased-number of immature monocytes.
(2) Histological examination of the internal organs showed that the condition was due to a diffuse proliferation of the reticulo-endothelial system of the liver, spleen, and bone-marrow; at times lungs and ovary were involved. Kidney might also be affected, but here enlargement seemed to be due to an invasion by monoblastlike cells. Nerves were not found infiltrated, the type of cell in this ailment differing from that involved in neuro-lymphomatosis gallinarum.
(3) The disease could be accurately named reticulo-endothelial leucosis " since anxmia is not an outstanding or primary feature; at no time are large numbers of immature erytbrocytes or even erythroblasts detectable in the blood, as in yellow anaemia or erythromyelosis. The invasion of the blood by immature monocytes or monoblasts occurs in later stages and is preceded by hypertrophy of the hepatic and splenic reticulo-endothelium.
(4) These investigations not only confirm the independent origin of erythrocytes and lymphocytes in fowls, but also indicate that monocytes arise in the reticuloendothelium of the marrow, spleen, and liver, and differ in behaviour from histiocytes.
(5) The identity of the disease observed in England with that described as erythroleucosis" on the Continent has been ascertained by obtaining virus from Budapest and then comparing the lesions obtained by the inoculation of this virus with those observed in this country, either in the field or after inoculation with tissues of leucotic fowls from Dorset. (6) The Budapest virus is filtrable through "gradocol " membranes of 0 3 micromillimeter pore diameter, and the intravenous injection seems to reproduce the leucotic disease with regularity.
(7) The intramuscular or intraperitoneal inoculation with minced liver and spleen tissues at times induces the appearance of a definite fibrosarcoma, which, corresponding to the previous observations of numerous other authors, is firmly linked with the "virus" of the leucotic disease, so that the inoculation of minced tissues will result in the production either of localized fibrosarcomas with leucosis or of leucosis alone.
(8) By treatment of the finely minced fibrosarcoma tissues with pure glycerine it was possible to separate the sarcoma from the leucosis, so that a tumour was obtained with regularity, without any involvement of the reticulo-endothelial system. Paper filtrates from these tumours did not produce leucotic conditions after intravenous injection.
(9) The term "leucosis" might be reserved for those conditions, occurring in birds and other animals, in which the morbid condition consists in the primary proliferation of lymphoidal cells (monoblasts or histiocytic cells) in the tissues, with their secondary invasion of the circulation as monocytes or blood histiocytes.
[These investigations were begun during the tenure of a Henry George Plimmer Fellowship in Pathology, and then continued with the aid of grants from the Agricultural Research Council for the purpose of ascertaining the relationship, if any, of this disease to fowl-paralysis.
I am deeply indebted to Professor David Keilin, F.R.S., of the Molteno Institute for frequent advice in relation to these researches.
Thanks are also due to Dr. Kenneth Smith for the loan of "gradocol " membranes for the purpose of accurate filtration.]
